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C71) We. Shell iNTERNAnoKALE Re- 
search Maatsouppu N.V.. a company 
organised under the laws of The Nether- 
lands, of 30 C^ van Bylandtlaan, Tte 
Hague. The Netherlands, do hereby de- 
clare the invention^ for which we pray that 
a patent may be granted to us. and the 
method by which it is to bo peifozmed. to 
be particularly desczib^ in and by the 
foUowiiw statement: — 

This invention relates to underwater pfo- 
ductlon apparatus for handling and at l^t 
partially separating production flalds re- 
ceived from a plurali^ of underwater welb. 

To date, oil and gas wells have been 
drilled at offshore locations from fixed 
platforms or from floating or submersilale 
barges. At the conclusion of the wdl drill- 
ing operation, the well equipment and the 
Cairistmas tree attached to the top thereof 
would extend above the surface trf the water 
where it was surrounded by a platform 
which was fixably supported from the ocean 
floor. In remote locations, the production 
facility, including an oil and gas separator, 
and /or metering the sXomgc taiSs. was 
mounted on the platform at the well and 
production fluid from the wdl was run into 
these tanks. In highly devdoped fields, 
centralized production facilities for hand- 
ling a number of wells would be constructed 
on iMles sunk in the ocean floor to extend 
above the surface of the water at a centrally 
located position among the wdls. Individual 
producUon flowlines would then be ran 
cram the individual weSs to extend to the 
centralized production facility where the 
production fluid woukl be gathered, separ- 
ated and/or metered nrior to transportmg it 
to shore by means ot tankexs or duoudi a 
pipeline 

While installations of the above-described 
type were satisfactory for oil fields located 
in shallow waters, these same tvnes of instal- 
lations are imnossible to construct or may 
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be constructed only at excessive cost for 
deep-water oil and gas fields. This is especi- 
ally true where the oil and gas producuon 
fluid is coming from underwater wells, that 
is, wells wherein the wellhead facilities are 50 
positioned underwater or dose to the ocean 
floor. 

•i^ ^5^^ *° develop many of the offshore 
oil fields, the use of ocean floor or under- 
water production fadliUes is the only piac- 55 
tical method. This is especially true for an 
oil fidd in about 120 to 900 metres of 
water, or^more, where locadng a fixed plat- 
rorm withm limits of the producing fidd 
and capable of providing all necessary pro- 60 
dudion fadliUes would be extremdy «pen. 
ave and entirdy impracUcal m some cases. 
The use of a floating production platform 
as an oil production facility has been sue- 
gestcd and'desjgned. However, floating pro- 65 
duction platforms are very expensive and 
reqmre die use of flexible pipdmcs and a 
means of makmg underwater pipdine con- 
necuons. Altemativdy. semi-submerged 
producuon fadHlies which are anchored^ 70 
a mannw so as to be. say about 30 metres, 
below the surfece of the water have be^ 
f type of 

a producuon fedhn. is even more d^d- 

the mdivjdual wells to the production 
facility and from the producUon fSy 

^iMhi^'l ^^^^^ flow lini^ 

suitable for deep submergaice for use in 
^hng the production fluid from oil and 80 
gas wdls have not been devised This is 
espeaally true where the oil and gas wells 
are bemg produced at substantially high 
pressures. 

The presrat mvention provides an under- 85 
water production apparatus for handling 
and at least pamny separating productioH 
fluid received from a plutaKty of under- 
water wells, said apparatus comprising 

a base anchored on the sea bed or the 90 
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ocean floor in the vidnUy of a pluraliQr 
of underwater wells. 

a primary base member removably posi- 
tioned on said base and supported thereby, 
5 a plurality of well flowlines each havmg 
one end secured to said prhnary base mem- 
ber and adapted to have the other end 
secured to an underwater wdl. 
a secondary base member removably 
10 positioned on said primary base member: 
a conduit manifold earned by said sec- 
ondary base member. 

a trunk iiowluie system secured to said 
primary base member and extending to a 
15 distant pdnt „ ^. 

disconneclible coupling means connecting 
said trunk flowline system to said conduit 
nanifokl, ^ _ . . 

a fluid sepa(ator in fluid commumcation 
20 with said well flowlines and said conduit 
manifold, and 

pumpiog equipment in fluid communi- 
cation with said conduit manifold and said 
trunk flowline system. 
25 As an example, one embodiment ofUie 
present invention will now be described 
with reference to the accompanying draw- 
ings in which . . -,, ^ * 
Figure 1 is a perspectrve view aiustrat- 
30 ing the imderwater production apparatus 
situated on the sea bed or ocean floor with 
flowlines runnmg to a plurality of under- 
water oil and/or gas wcDs while other Lnes 
run to a (fistant pouit. for example, the 
35 shore or a remotely located floating vessel: 
Figure 2 is a longitudinal view in en- 
lai^ detail and in partial cross-section 
of part of the underwater production ap- 
paratus shown m Rgure U 
40 Figure 3 is a plan view of the under- 
water production appratus of Figure 1 
showing also a control package and a single 
separator unit in position; , 
Figure 4 is an enlarged cross-scctional 
45 view of the underwater production appara- 
tus taken atoi^ the line 4—4 of Figure 3. 
and shows an underwater manipulator de- 
vice being pasitioncd on the apparatus to 
perform desired operations thereon; the 
50 underwater manipulator device is con- 
trolled from a floating vessel. 

Figure 5 is a longiludmal view m en- 
larged detail illustrating diagrammatically 
a submcrgible pump package employed in 
55 the imderwater production apparatus; 

Figure 6 is a fraemcntal tongitudinal view 
taken partially in cross-section illustrathig 
means for coupling parts of the apparatus; 
Figure 7 is a fragmental plan view taken 
60 partolly hi cross section illustrating the 
means of coupling shown m Figure 6; ^ 
Figures 8 and 9 arc fragmental longi- 
tudinal views illustratmg means used to 
raise and lower constituent components of 
65 the underwater production apparatus: 



Figures 10 and 11 are fragmental views 
taken hi partial cross section schemaucally 
showmg a detail of the means for connect- 
ing the base members of the underwater 
production appardlus; and ^ . . 

Fiaure 12 is a longhudinal schematic view 
illustmtuig the order in which several con- 
stituent components of the underwater pro- 
duction apparatus are lowered mto posi- 
tion on the ocean floor. 

Referring now to Figure 1, an under- 
water production apparatus 11 according 
to the present invention is illustrated as 
being positioned on the sea bed or ocean 
floor 12 in the vicinity of a plurality of 80 
underwater wells such as wells 13 and 14, 
The underwater wells are of any suitable 
conventional design and in the form illus- 
trated include base structures 15 and 16 
having positioned thereon underwater pro- 85 
duction wellhead assemblies 17 and 18 of 
any suitable type. In addition, the under- 
water wells 13 and 14 may include up- 
standmg guide post members as shown to 
permit various activities with respect to the 90 
welJs to be carried out from the surface of 
the water by means of guidelines in the 
known manner. Since the equipment asso- 
ciated whh the underwater welk 13 and 14 
does not per se constitute a part of the 95 
present invention, no attempt will be made 
to further describe this equipment in the 
interest of simplicity and clarity. 

Underwater production apparatus 11 is 
particularly adapted for association with 100 
up to ten underwater wells, although only 
two such wells have been shown for illus- 
tration purposes. As may be seen with 
particular reference to Figures 1 and 2, the 
production apparatus includes a base com- 105 
prising a base plate 19. which is positioned 
on the sea bed or ocean floor 12. and a 
pile member 20. which is fixedly secured 
to the base plate 19 in any known manner 
and passes du-ectly through a cooperating 110 
central hole (not shown) in the base plate 
19 into a pi^viouslv drilled hole 21 in the 
sea bed or ocean floor. Pile member 20 is 
secured whhui hole 21 by any known 
method such as by being cemented therein 115 
as shown in Figure 2. and the pile mem- 
ber 20 can extend into the sea bed or ocean 
floor to a depth greater than the water 
depth at the location thereof. Referring par- 
ticularly to Figure I, the completely 120 
assembled underwater production appara- 
tus 11 further includes a fluid separator 
comprising a plurality of individual separ- 
ator units 22a— 22j which arc disposed 
around pile member 20 in a manner which 125 
will be more fully described below. It 
should be noted that ten individual separ- 
ator units are included in the production 
apparatus, one for each of up to a maxi- 
mum of ten underwater wells that may be 130 



3 



1.283,070 



3 



serviced by tlie underwater pioductioD ap- 
paratus. In addition to tlie tcD separator 
units, a control packaffi 23 is also included 
in the fuUy assembled underwater produc- 
5 tioa apparatus. A cable for transmitliqg 
diectric current and signals 24 extends from 
the control package to a distant power 
source and control point (not shown) which 
niiay be a vesse] Boating on the su^ce of 
10 the water or an onshore station. As may 
be seen with particular reference to Figure 
2, pile member 20 includes a thioughboie 
25 which passes through the full length of 
said pile member. A curved shoulder 26 
15 is formed on the outer perij^eral wall of 
the pile member commumcaUng at its lower 
end with a slot 27 formed in the outer wall 
Below slot 27, a reinforced skirt monba: 
28 is formed on the pile member as illus- 
20 trated. After the pipe member 20 has been 
previoasly cemented or otherwise secured 
within the drilled hole 21. the additional 
components of the underwater j^roduction 
apparatus are lowered into position over 
25 tibe pile member 20. One approach for ac- 
complisMng this is to lower various com- 
ponents into position by means of lowering 
fines (not shown) aloiig a guide pipe 29 
which has been previously lowered from 
30 a floating vessel and positioned within 
throug^re 25 of pile member 20. The first 
component to be lowered into position 
along guide p^ 29 is a primary base 
member 30 which indudes a tubular por* 
35 tion 34 defining a throughbore 31 and an 
outwardly flared portion 32 at the lower 
end of the tubular portion. A framework 
33 extends outwardly from the tubular por- 
tion 34 of primary base member 30 above 
40 flared portion 32. Tubular portion 34 has 
di^osed on the inner wall thereof a key 
member 35 which projects Into throngh- 
bore 31. As primary base member 30 is 
lowered into engagement with pile mem- 
45 bcr 20. outwanffy flared portion 32 con- 
tacts the pipe memtter and assists in guid- 
ing this component into posittoo. The pri- 
mary base member is continuously lowered 
by means of lowmng lines (not shown) 
50 along guide pipe 29 and down pile mem- 
ber 20 until key member 35 contacts the 
curved shoulder 26 of the ^ile member. 
Still further lowering results in the rotat- 
able orientation of £e primary base mem- 
55 ber with respect to the base as the key 
member rides along the curved shoulder. 
Final orientation and placement of the 
primary base member 30 with respect to 
the pile member is obtained when key 
60 member 35 moves into slot 27 and the in- 
terior of outwardly flared portion 32 is 
placed into engagement with the skirt mem- 
ber 28. 

After the primary base member 30 has 
65 been positioned on pile member 20. an 



aridhional component of the underwater 
production apparatus will be lowered into 
position. The second component to be 
lowered hito position along guide pipe 29 
is a secondary base member j6 which may 70 
be viewed most readily m Figures 3 and 
4. Secondary base member 36 include a 
plurality of beam members 37 wluch pro- 
ject radially outwardly from a centrally 
disposed c^inder 38 at the lower end of 75 
the cylinder. Projecting upwardly from the 
outermost end of beam members 37 are 
post members 39 which have dovetail- 
shaped key members 40 formed at the 
uppsr ends thereof. These dovetail-shaped 80 
key members cooperate with correspond- 
ing channels which are formed m a like 
number of base post elements 41 which 
extend upwardl^r from framework 33 and 
comprise a portion of primary base mem- 85 
ber 30. Suitable bracing is pmerably pro- 
vided to ensure the structural stabiuty of 
beam members 37. post members 39 and 
base post elements 41. Centmlly disposed 
cylinder 38 oi the secondary base member 90 
has a tiiroughbore of a size that will per- 
mit the cylinder to be placed into position 
over tubular portion 34 of primary base 
member 30. Preferably, a key and slot 
arrangement similar to that described with 95 
respect to pile member 20 and primary 
base member 30 to effect rclathre position- 
ing with respect thereto will also be pro- 
vided between tubular portion 34 of the 
primary base member and centrally dis* 100 
posed cylinder 38 of the secondary base 
member to ensure proper orientation there- 
between. 

Fixedly attached to centrally disposed 
cylinder 38 and projecting outwardly there- 105 
from is a support 42 for the mampulntor 
which is In the form of an enlargecf cylin- 
der having cylindrical wall 43 which is 
sup2>ortod at its upper and lower ends res- 
pectivehr by upper brace member 44 and 110 
lower orace member 45. A track 46 is 
formed between upper brace member 44 
and cylindrical wall 43 as shown. Track 46 
is adapted to receive and support thereon 
an underwater manipukitor device 47 which 115 
may be shnilar to that shown and des- 
cribed m US. Patent No. 3.099.31d. The 
manipulator device comprises a body mem- 
ber 48 having means such as wheels 49 
(only one of which Is shown for securing 120 
it to the track 46. The wheels 49 are pre- 
fembly actuated by means of a motor con- 
nected to the wheels and positioned cither 
Inside or outside the body member 48. 
Additionally, the bod>; member 48 is pro- 125 
vidcd with a pair of idler rollers 50, only 
one of which has been illustrated, mounted 
on an outwardly-extending frame 51 so as 
to contact the outer surnice of the cylin- 
drical wall 43 when tlie drive wheels 49 130 
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are hung on track 46. Allernatively, tlie 
rolleis 50 may be powered to make fric- 
tion contact with the other sui&ce of the 
wall 43 to drive the manipulator device 47 
5 around the underwater production appara- 
tus. It is to be understood that the distance 
between cylindrical wall 43 and post mem- 
ber 39 is of a dimension sufficient to re- 
ceive the manipulator device 47 and allow 

10 it to operate. , . • . 

A portion of the niampulator device is 
arxai^ged for upward extension from the 
body member thereof and is preferably hi 
the form of a telescopic arm 52 which is 

15 vertically extensible. Mounted on the top 
of the telescopic arm 52 is a Literally ex- 
tending cylinder 53 having a telescoping arm 
54 extendable outwardly therefrom. Arm 
54 is provided with a roiatable wrench head 

20 55 that is power operated by suitable motor 
(not shown) mounted in the arm 54 or in 
the cylmder 53, preferably in the rear por- 
tion thereof, A television camera 56 (in- 
cluding suhable lightme 57) is mounted 

25 on top of the manipulator device on a 
power actuated swivel and tilting mecha- 
nism 58. while the television viewmg screen 
(not shown) is positioned on a vessel 59 
at the smrfacc of the water. 

30 The manipulator device 47 is sasnended 
from vessel 59 by means of a weight sup- 
portuig and control signal transmitting cable 
do wUch extends from the vessel and is 
attadied to the upper manl- 

35 pulator device. Thus, power and control 
signals for operatmg the manipulator de- 
vice and its associated equipment arc sent 
down the cable 60 from the vessel 59 at the 
surfoce of the water while the television 

40 signals are returned up the cable to the 
vessel For moving the manipulator de- 
vice 47 laterally at the end of the cable 
60 passing through the water, the mani- 
pulator device may be provided with suit- 

45 able propulsion means such, for example, 
as motor driven propellers (not shown) 
which are mounted outboard of the body 
member 48 in a manner described in U.S. 
Patent No. 3,099,316. Instead of motors 

50 and propellers, fluid jets and pumps may 
be employed for this purpose. At least a 
portion of the body member 48 may form 
a void chamber which may be selecuvdy 
flooded by controls at the vessel 59 for 

55 adjusting the btK>yancy of the manipulator 
device^^. If additional buoyancy is desired, 
suitable buoyancy tanlcs may^ be secured 
to the cable 60 or to the manipulator body 
member 48. 

50 At least one of the beam members 37 
of secondary base member 36 has a hole 
therein which is for the purpose of accora- 
modatuig an indexing pin 61 which projects 
upwardly from framework 33 of primary 

65 ba« member 30 and serves as an addi- 



tional means whereby relative rotatable 
movement between base members 30 and 
36 will be presented. Disposed above beam 
members 37 of secondary base member 36 
are a plurality of manifold conduits 62, 70 
63 and 64 which are substantiaUy rigidly 
disposed m a concentric manner about 
centrally disposed cylinder 38 and com- 
prise an hitcgral part of secondary base 
member 36, All of the manifold conduits 75 
ar« circular m configuration as can most 
clearly be seen with particubr reference 
to Figure 3. The outermost disposed mani- 
fold conduit 62 has branching therefrom a 
connector pipe 65. The connector pipe 65 80 
is poshioned whh the Interior thereof m 
fluid communication with the interior of 
manifold conduit 62. Connector pipe 65 
after branching out from manifold conduit 
62 passes in a circular fashion over several 85 
beam members 37. proceeds upwardly in 
a substantiaUy vertical direction, and then 
loops upwardly and over the outer peri- 
phery of primary base member 30 which 
15 formed by I-beam or other structural 90 
members 66 disposed between base post 
elements 41. Connector pipe 65 temunates 
at its outermost end with a coupling mem- 
ber 67 

A second connector pipe 68 bmnches out- 95 
wardiy from manifold conduit 63 and 
assumes a path substantially parallel to 
that of connector pipe 65. Connector pipe 
68 terminates in a coupling member 69 
similar in construction to coupling mem- 100 
ber 67. In addition to connector pipe 68. 
manifold conduit 63 also has branching out- 
wardly therefrom and in fluid communi- 
cation with the interior thereof a con- 
nector conduit 70 which extends inwardly 105 
and upwardly to terminate in a coupling 
member 71 of any suitable construction. 
The operation of connector conduit 70 
and coupling member 71 will be described 
in greater detail below. An additional con- 110 
nector conduit 72 branches from manifold 
conduit 64 in an inwardly and upwardly 
direction to terminate in a coupling mem- 
ber 73 simihu' in construction to coupling 
member 7L Branchhig outwardl;^ from con- 115 
nector conduit 72 below couphng member 
73 is a bypass pipe 74 wUh the ulterior 
thereof in fluid communication whli the 
interior of the connector conduit 72. A by- 
pass valve 75 is disposed in the bypass pipe 120 
as shown most readily in Figure 3. Bypass 
pipe 74 at its other end is connected to a 
connector pipe 76 which terminates just 
above its pomt of intersection with bypass 
pipe 74 in a coupling member 77 of a 125 
construction similar to that of coupling 
members 71 and 73. From coupling 77 and 
the interconnection with bypass pine 74. 
connector pipe 76 passes downwardly and 
along the periphery of centrally disposed 130 
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cylinder 38. Connector pipe 76 tben bends 
upwardly and over stractiual member 66 
where it is spaced from connector pipe 
68 and tenninates in a coupling member 
5 78. 

After the primary base member 30 and 
the secondary base member 36 have been 
lowered into position over pipe member 20 a 
still additional component of the under- 
10 water production apparatus is lowered into 
position. This adoitional component is a 
sttbmergible pump package 81. Figures 3 
and 4 show this pump package after it 
has assumed its operative position with rcs- 

15 pect to the other elements of the under- 
water production apparatus. As may be 
seen with reference to Figure 5, pomp 
package 81 includes a submergible ccntn- 
rugal pump 79 of any known type pre- 
20 sently used in deep oil and water weOs. In 
addition to the pomp 79 itselt Ibe pump 
package would include a surge diamber w 
of desired capacity with Boat controls (not 
shown) for Uie pump and a valve com- 

25 partment 81c containing valves, fittings, 
dectrical coimections, etc. Pump 79 and an 
oil inlet pipe 81b extend down into the 
surge chamber as shown. Since the precise 
internal configuration of tfie package forms 

30 no part of the present invention and in- 
corporates conventional elements well 
known in the art. no attempt has been made 
to fully illustrate the internal configuration 
of this package in the interst of simplicity 

35 and brevl^. Suffce it to say that after the 
suhmergibTe pump package 81 is lowered 
from a floating vessel such as by means of 
a pipe running string from the vessel, it 
would index into the secondary base mcm- 

40 ber 36 (Figure 4) to accurately position 
same. One means of accomplishing this in- 
dexm^ function wouki be to provide an 
indexmg giude sudi as sloping shoulder 
82 on the topmost skirted portion 83 of 

45 centrally disposed blinder 38 of second- 
ary base member 36. A projecting element 
84 extending from pump padcage 81 would 
contact shoulder 82 as tne pump package is 
lowmd and slide into position withm a 

50 slot 85 formed in skirted portion 83. The 
pmnp package 81 would extend complete] v 
through hollow pile member 20 (Figure 2) 
of the base with surge chamber 80 extend- 
ing into hole 21 (Figure 2). When the pile 

55 member 20 extends into the sea bed or 
ocean floor to a depth greater tiian the water 
depth, the pump package 81 can be pro- 
vided at its lower end with a guide pipe 
86 shorter than the pile member 20 and 

60 longer than the water depth. 

Pipe and/or electrical connectors asso- 
ciated with the internal components of the 
pump package extend from valve com- 
partment 81& For example, pipe connectors 

65 87. 88 and 89 are shown in Figure 3 as 



extendmg from the upper portion of the 
pump package. The connectors would auto- 
matically line up with previously described 
coupling members 71, 73 and 77, respec- 
tively, as the pump package Is lowered mto 70 
place to provide fluid flow communication 
between tbe pipe connectors and the con* 
duits or pipes associated with the coupling 
members. Tiiis alignment would be ac- 
complished upon indexing of the pump "75 
package as previously described. Preferably, 
coupimg monbers 71, 73 and 77 are of a 
desi^ whereby final connection could be 
made between the pipe connectors and 
coupimg members by means of the pre- ^0 
viously referred-to underwater manipulator 
device 47. For example, set screws or other 
locking means could be provided on the 
coupling members to be engaged by the 
manipufator device. In Figure 4, for ex- ^5 
am^le; a lock screw 90 is shown as pro- 
jectmg from coupling member 77 which is 
adapted to be enga^ by the rotatable 
wrench head 55 or the manipulator device 
and rotated so that pipe connector 89 is ^ 
locked to coupling member 77. In a like 
manner, a plurality of set screws or lock 
screws 91 may be provided in centrally 
disposed cylinder 38 for grasping engage- 
ment by the manipulator device to lock 
submexgible pump package 81 into posi- 
tion. ' 

After the submergible pump package 81 
has been locked into position on the under- 
water production apparatus, the indhddual 100 
separator units 22a— 22j would be lowered 
mto position from the surface of the water. 
Altheugh the interior construction of the 
mdividual separator units has not been 
shown, for ease of ilhistration purposes, it 105 
should be pohted out that each unit or 
package wouk! consist of a centrally located 
separatmg section with a valve and meter 
compartment on each end. Each separator 
umt woukl incorporate the necessary equip- HO 
ment to separate gas from produced fluids, 
to control and measure the lift gas to the 
mdividual wells and to control and measure 
the produced fluids. Since equipment of this 
general nature is weU known in the ait 115 
and forms no part of the present inventiaii. 
It is not deemed necessary to describe it 
in any further detail. 

The precise manner in whkh the indi- 
y^ual separator units will be lowered to 120 
the production apparatus and placed into 
operative engagement therewith will now 
be described in detaE It is of courae to be 
understood that the underwater production 
apparatus would mcorporate a number of 125 
separator units equal to the number of 
underwater wells which are to be serviced 
by the apparatus. Since the bwering and 
attachment operation is the same for all 
sqiarator units, such operations will be des- 130 
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cribed only with respect to one such unit, 
ie. separator unit 22a. Figures 3 and 4 
siiow ^iepaialor unit 22a in opecative posi- 
tion with respect to the remainder of the 
5 underwater production apparatus. For the 
purposes of lilustration. It will be assumed 
that unit 22a is assoclaied with imderwater 
well 14 (Figure 1). With reference to 
Figures 3 and 4 it may be readily seen 
10 that framework 33 of primary base mem- 
ber 30 lias affixed thereto I-beam members 
94 which are disposed in spaced paired 
lelaCionshm between base post elements 
41. Upperbracket members 92 are ifisposed 
15 at the topmojst ends of I-beam members 
94 wfaBe lower bracket members 93 pro- 
ject outwardly from the I-beam members 
near the lower portions thereof, lljmer 
bracket members 92 and lower bracket 

20 members 93 all have tliroughborcs pass- 
ing therethrough with the throughbores of 
bracket members 92 in alignment with ihe 
associated throughbores of bradcet mem- 
bers 93. Figures « and 7 illustrate this rcla- 

25 tlonship in greater detail 

Before actually lowering the mdividual 
separator units, guidelines are lowered from 
the surface of the water and attached to 
brackets 92 and 93 in any desired manner. 

30 In Flgnre S. for example, gulddhie 95 is 
shown as having attached ther^ a rod 96 
which is inserted In the throughbores of 
the aligned brackets 92 and 93 and locked 
into said brackets in any known manner. 

35 such as hy means of a lock screw 97 oper- 
ated by underwater manipulator device 47. 
Underwater manipulator device 47 may 
also have been previously used to insert 
rod 96 mto the bracket throughbores. The 

40 head of lock screw 97 is of a shape which 
may be grasped by the rotatable wrench 
head 55 of the manipulator device to lock 
the bar or rod 96 mto position. 
After guidelines or gukle cables have 

45 been attadied to the respective sets of 
brackets 92 and 93 disposed on either side 
of the position tliat will be assumed by the 
separator unit, the separator unit will be 
lowered therealong bto position on prim- 

50 ary base member 30. The actual arrange- 
ment for lowermg the s^rator unit into 
position may be seen most clearly from 
Figures 8 and 9 wherein such arrangement 
is shown and will be described with respect 

55 to CMie such unit. i.e. separator unit 22a. 
Affixed to the top of separator unit 22a 
near the centre or gravity of the unit is a 
bracket element 98 which has pivotably 
mounted thereon in an offset manner spaced 

60 linkage arms 101 and 102. Spaced linkage 
arms 101 and 102 are both freely pivotably 
mounted at their respective free ends to a 
lowering block 103. When no external 
forces other than the force of gravity are 

65 applied to this arrangement, the constituent 



elements thereof are normally disposed in 
the relative positk>ns illustrated hi Figure 
8. In this position, lowering block 103 is 
shown as being positioned with a flat on 
top of separator unit 22a with a bore 104 70 
formed in block 103 facing in on upwardly 
direction. A pin member 105 is fixedly 
mounted on lowering block 103 within 
bore 104 and the pin extends upwardly and 
out of the bore in the manner shown. If 75 
desired, pin member 105 may include on 
its outermost end a projection 105a, the 
purpose of which will be more fully dis- 
closed below. 

Before lowering separator unit 22a from 80 
the surface of the water (such as from vessel 
59} into association with the remainder of 
the underwater production apparatus 11. a 
threaded end 106 of a pipe string 107 is 
tlireadedly engaged with screw threads 85 
formed on lowering block 103 lying about 
the periphery of bore 104. The separator 
unit is then lowered by means of this pipe 
string whh guide arms 108 and 109 ex- 
tends from the body of separator unit 90 
22a (figures 6 and 7) riding along the pre- 
viously attached guidelines, such as guide- 
lines 95 (Figure 6). During the lowering 
operation, lowering block 103 will be raised 
from the previously described position on 95 
top of separator unit 22a to a raised posi- 
tion as shown in Figure 9. It should be 
noted that due to the offset relationship of 
spaced linkage arms 101 and lOZ. through- 
bore 104 and oin member 105 remain in 100 
an upwardly facing position even when 
the lowering block is raised. Smce bracket 
dement 98 is fixedly positioned to the top 
of separator unit 22a near die centre of 
gravity of such separator unit, the unh will 105 
be lowered in a relatively stable and up- 
right condition. Guidearms 108 and 109. 
Kspecilvely, are of a suitable configuration 
to permit ibem to be placed into mating en- 
gagement with bracket members 92 and 110 
93 of primary base member 30, as shown 
most clearly in Figures 6 and 7. 

The underwater manipulator device 47 
may be used to assist m the iplacement of 
separator unit 22a into position and. in 115 
addition, the manipulator devke may be 
employed to actuate any suitable latching 
or bckiqg mechanisms which may be used 
to attach the unit to primary base member 
30. A specml locking mechanism is not. 120 
however, deemed to be necessary for main- 
taining the separator unit in position since 
the mere weight of the unit should serve 
to maintain the arms of the unit in posi- 
tion on their associated brackets. Figure 7, 125 
In particular, shows one bracket arm ar- 
rangement that might be utili2ed wherein 
the weight of the unit would be sufficient 
to hold it in place. It may be seen that 
the outer portion of arms 108 cooperates 130 
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with upstanding elements on bracket mem- 
bers S2 vMch permit the arms to be re- 
moved from me bracket memben onl^ 
upon upward movement of separator umt 

5 xia from the remaining structure of the 
underwater production apparatus. These 
upstanding elements are designated by 
means of reference numerals 110 and 111. 
The precise manner in which separator unit 

10 22a. as wdl as the other separator units, 
are placed into lockbg engagement with 
pnmary base member 30. however, forms 
no part of the present invention and it 
should be nnderstood that any desirable 

15 expedient may be utilized to accomplish this 
end in accordance with the requirements of 
practice. 

After the separator unit has been suitably 
positioned and locked into engagement widh 

20 the remainder of the underwater produc- 
tion apparatus pipe string 107 is rotatCMl 
from me surface so that threads 106 of the 
pipe string (Figure 9) are disengaged from 
the cooperathig threads in lowering block 

25 103. lite pipe string is thai pulled to the 
surface of the water to the vessel Since no 
upward force is bemg exerted on lowering 
block 103, it drops from the position shown 
in Figure 9 to that illusUated in Figure 8. 

30 In such position, lowering blodc 103 is offset 
from the centre of gravity of the separator 
unit and positioned on that side of the unit 
that is closest to the underwater manipula- 
tor device 47. In this manner, the under- 

35 water manipulator device may assist in re- 
establishing contact between the floating 
vessel and the separator unit where^ socn 
unit may be agaui transported to the surface 
of the water for repair or other operations. 

40 In a preferred approach for accomplishmg 
this operation, a cable 112 (Flgnie 9) having 
dq>endin| therefrom a hitch membor 113 Is 
lowered from the vessel to the vicinity of 
the separator unit which is to be removal to 

45 the surface. The underwater manipulator 
device 47 may then be used to grasp the 
latch member 113 and place it into engage- 
ment with projection 105a of pm member 
105. The ktch member 113 and pin mem- 

50 ber 105 mav be of any suitable known con- 
struction whereby the placing of the latch 
member 113 over the pin member 105 will 
effect automatic engagement therebetween. 
Although the cable 112 itself may be suf- 

55 ficleat to pull the separator unit from the 
remainder of the underwater production 
apparatus, it is preferred for safety's sake 
that the pipe string 107 be threaded over 
cable 112 and again placed into engagement 

60 with lowering block 103 m the manner 
previously described. The entire separator 
unit may then be pulled to the surface of 
the water by means of the pipe string with 
the various elements describcxl above with 

65 respect to the precodmg lowering operation 



bemg in the position illustrated in Fi^;urc 9 
and die force of upv/ard pull bemg du?ected 
to substantially the centre of gravity of the 
separator unit 

The hidividual sqparator units each have 70 
a plurality of pipes mcludmg disconnectible 
couplings at their respective outer free ends 
that are inte^^y attached to the remainder 
of the separator unit and lead into the 
interior of the unit to the previously des- 75 
cribed equij^ment incorporated therein. 
Three such pipes 114. 115 and 116 may be 
seen with particular reference to Figure 4. 
These pipes terminate at their respective 
outer ends in disconnectible couplings 117, 80 
118 and 119 of any suitable construction* 
Upon the lowering of the individual separ- 
ator units mto position, these disconnectible 
couplmgs will engagp connector {Hpes 120, 
121 and 122 which are associated with pri- 85 
mary base member 30. Once ^gain. it is 
to be assumed that the same arrangement 
is incorporated in each of the incu^ual 
separator units although such arrangement 
is being described only with respea to sep- 90 
arator unit 22a for the purposes of shnpli- 
city. In like manner, connector pipes simi- 
lar to connector pipes 120, 121 and 122 
project upwardly nom the top of each and 
every base post element 41 associated with 95 
the underwater production apparatus. 
Figures 10 and il show connector pipes 
120, 121 and J22 in somewhat greater 
detail and illustrate their relationship 
to base post dement 41 of primary base iqq 
member 30. As may be seen most clearly 
with reference to these last mentioned 
figures, base post element 41 has pas^ng 
throu^ the body thereof three through- 
ix>res 123, 124 and 125 v^ch are in fluid 105 
communication, respectively with connec- 
tor pipes 122, 121 and 120 wiiich are 
threadedly secured to the top of iKise post 
element 4L As above described, each of 
the base post elements 41 of the primary no 
base member 30 accommodates a dove-tatt 
shaped key member 40 which is incorpor- 
ated on post member 39 of secondary case 
member 36. 

Figure 10 illustrates post member 39 of 115 
secondary base member 36 just prior to 
placement on base post element 41 of 
primary base member 30 with the secondary 
base member 36 being moved downwardly 
in the direction of arrow A in the manner 120 
previously described. As may also be seen 
in Figure 10, throughbores 123, 124 and 
125 emerge from the side of base post ele- 
ment 41 hi the dove-tail slot 127 of the 
base post element that is adapted to accom- 125 
modate dove-tail shaped key member 40 
of post member 39. After post member 39 
is in position on base post element 41 as 
indicated m Figure 11, tfunughbores 123, 
124 and 125 are m Ime with and hi fluid 130 
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communicalioa with conduits 128. 129 and 
130 which pass through post juembcr 39 
(see Figure 10). Conduits 128, 129 and 130 
exit from the lower portion of post member 
5 39 and communicate, respectively, with 
manifold lines 133, 131 and 132 as shown 
in Figures 10 and 11. It should be under- 
stood that each and every post m^zmber 39 
cf secondary bass member iS has associated 

10 units, such as separator tmit 22d. are 
therewith a set of manifold lines sunilar to 
manifold lines 131. 132 and 133. In Figure 
3. liowever, only one such set. the set associ- 
ated with separator unit 22a Is illusiratcd 

15 for purposes of simplicity. With reference 
to that figure, it may be seen tJiat manifold 
Imcs 131. 132. and 133 branch outwardly 
from post member 39 associated \v1th separ- 
ator unit 22a and communicate respectively 

20 with manifold conduits 64. 63 and 62. The 
interiors of the manifold lines are in fluid 
communication with the respective interiors 
of the manifold conduits. The manifold 
conduits, manifold lines and post members 

25 39 arc fixedly connected together by any 
known expedient and consequently form 
an intecrral portion of secondary base mem- 
ber 36r 

Branching outwardly from pipe 114 of 

30 separator unit 22a is a bypass conduit 140 
vmich termmates at its lower end in a dis- 
connectible coupUng of any suitable desisn. 
In like manner, separator unit 22a has 
bmnchmg outwardly and downwardly 

35 therefrom a second bjT^ass conduit 141 also 
terminatmg m a disconnectible coupling, 
bvpass conduits 140 and 141 are connected 
separator equipment fnot shown) disposed 
within the outer housing of unit 22a. After 

40 sq)anitor unit 22a has been landed on the 
remainder of the underwater production ap- 
paratus as has been previously described, 
bypass conduits 140 and 141 arc connected 
by means of their respective disconnectible 

45 couplings to underwater well Imes such as 
well lines 142 and 143 which pass from the 
underwater production apparatus 11 to one 
of the surrounding underwater wells such as 
underwater well 147 It ^ould, of course. 

50 be assumed that well lines 142 and 143 
have previously been connected between the 
underwater production apparatus and the 
underwater well and secured at each of their 
respective ends In any known manner. One 

55 feasible approach for accompllshinff this 
may be to utilize the **puQ tube*' method to 
connect the lines. In this method, the well 
lines are pulled and locked in place in pull 
tubes such as pull tubes 144 and 14^ as 

60 shown hi Ficure 3. When using this method, 
each well line from the well 14 is pulled 
upwardly hito the associated pull tube by 
means of a cable or other similar means. 
The Dul] tubes preferably are flared out- 

65 wardly at their ends as may be seen with 



respect to pull tube 145 m Figure 4 to 
assist in guidinc the well line into the tube. 
The *'pull tube approach is disclosed more 
fully in U.S. Patent No. 3,358,753 issued 
December 19. 1967 to J. A. Hacbcr, and 70 
reference may be made to that patent tor 
more details concerning that metlKxi and 
apparatus. Since the precise manner in 
wUich the well Imes are aiuiched to the 
underwater production apparatus form no 75 
part ot the present invention, it is not 
deemed necessary to recite this feature in 
greater detail buthcc it to say. however, 
mat two such puu tubes are associated 
wjiu each and every separator unit to be 80 
utilized on the underwater production ap- 
paratus. Therefore, tne puil luoes would 
t)e disposed in pairs about the underwater 
producuon apparatus and preferably com- 
prise an mtegral portion of the prunary 85 
base member iO so that they may oe low- 
ered along with the remainder (h the pri- 
mary base member 30 into position on 
pile member 20. 

After the desired number of hidividual 90 
sceparator units or packages have been 
lowered into position, the hnal component 
of the underwater production apparatus, 
control package 23, will be lowered mto 
position in the same manner as that previ- 95 
ously described with respect to the indivi- 
dual separator units. As stated above, the 
control package 23, would contain all neces- 
sary electrical controls and devices needed 
to operate and control the various opem- 100 
tions or functions of the underwater pro- 
duction apparatus. It would also f^rovlde 
external cable connectors for distributing 
power and cable runs to other components. 
The control package would mcorporate 105 
automatic couplings such as couplings 146 
and 147 (Figure 3) to cffea automatic 
atuichmcnt between the cables or lines 
associated with the control package and the 
associated cables or lines connected to the 110 
remainder of the underwater production ap- 
paratus. Since the precise nature of the 
connectors and /or Imes utilized for this 
piupose comprise no part of the present 
mvention. it has not been deemed neces- 115 
sary to illustrate or describe them in greater 
detail for the purposes of shnplicity. Any 
commercially avaikible automatic coupling 
arrangement may be utilized for purposes 
of making the cable and line attachments. 120 
The control package is connected to the 
current and signal transmitting cable 24 
which is connected at its other end to a 
remote control station, which may be on 
board a vessel similar to vessel 59. or on 125 
shore. 

Figure 12 illustrates schematically the 
order in which the various components of 
the underwater producdon apparatus 11 are 
placed into position on the sea bed or 130 
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ocean floor 12. To briefly summarize the 
foregoing description, the base, includhig 
base plate 19 and pile member 20. is secured 
in previously drilled hole 21, for example. 
5 by means d cement Prinuiy base mem- 
ber 30, Including mbular portion 34. is then 
lowered onto pile member 20. indexed 
thereon and secured to the base plate 19. 
Pte£erably» primary l^se member 30 in* 

10 dudes well bne pull tubes such as pull tube 
44. The next componoit of the underwater 
production apparatus to be lowered into 
position is secondary base member 36 which 
mdudes the manipulator support 42, cent* 

15 rally disposed cylinder 38 and the assod- 
ated manifold and connector pipe. Cent- 
rafly disposed cylmder 38 is p&ced over 
tubular portion 34 and after secondary base 
member 36 has been Indexed with respect 

20 to primary base member 30 in the manner 
described above, an underwater manipula- 
tor device (Figure 4) may be used to effect 
attachment therehetweoi. As shown m 
Figure 12, the next component to be posi- 

25 tioned is the submeigible pump package 81 
which passes tbroudi the centres of the 
previously positioned components into hole 
21. Next, the desired number of seoarator 
units, sudi as separator unit 22d, are 

30 brought into engagement with the remainder 
of the underwater production apparatus with 
the underwater manipulator device bdng 
used to effect attachment between the 
various sepmXoT units and the remainder 

35 of the underwater production apparatus. 
Lastly, the control padcage 23 containmg 
all necessary dectncal controls and de- 
vices needed to operete and control the 
operations of the undernrater production 

40 apparatus is lowered hito position in a man- 
ner similar to that employed with xefflect to 
the separator units. 

After tlie various components of the 
underwater production apparatus have been 

45 placed into position on tlie ocean floor, it 
is nec^sary to make connections between 
the various underwater wdls associated with 
the underwater production apparatus and 
the separator umts. As referred to above. 

50 wdl hues sudi as well lines 142 and 143 
(Figure 3) are run between the underwater 
well and one of the separator units, it is 
of course to be understood that two such 
wdl lines are employed between each well 

55 and each separator unit Finally, trunk 
flow lines 150, 151 and 152 (Figure 3) are 
connected at their respective i^ee ends to 
coupling members 78, 69 and 67 so that the 
trunk flow lines ore In fluid communicatbm 

60 with connector pipes 76. 68 and 65. Each 
of the trunk flow lines has at tt^ end there- 
of a bracket member to be placed over a 
coopemting upstanding pin member affixed 
to primary base member 30 as on stnictuml 

65 member 66 of the base member. For ex* 



ample, Figure 4 illustnites a bracket mem- 
ber 153 associated with a pin memb« 154 
of the primary bsLSt member. This arrange- 
ment provides additional support for the 
trunk flow lines to prevent them from being 70 
pulled away from their respective coupHng 
members. The trunk flow lines proceed 
from the underwater production apparatus 
and extend dong the sea bed or ocean floor 
to a distant point where they are associated 75 
with dther an onshore or <^khore storage 
and control fadllty (not shown). 

After the undawater production appar- 
atus has been assembled and all required 
connections have been made as previously 80 
described, lift gas is pumped from the 
remote storage and control ntdlity through 
trunk flow line 151 as indicated by the 
BXtows in Figure 3 and Rgure 1. The lift 
&s then flows through connector pipe 68 of 85 
the underwater production apparatus mto 
manifold conduit 63 and thence throueh 
manifold line 131 TTie lift gas then floSS 
t^ugh conduit 130 of post member 39 



T?l L vri^ure Hj, rrom pipo 

114. the hft ^ flows downwaidly throufih 
bypass condurt 140 (Figure 3) and mto well 95 
line 142 as shown by the direction of tiie 
amjw associated witii that weU Knc. The 
hft gas IS used to pump production fluid 
from underwater well 14 in die usual man- 
ner. IQQ 

Production fluid then flows tiirough wdl 
^ 143 through bypass conduit 141 and 
then mto the mterior of separator unit 22a 
where suitable known equmment separates 
the producuon fluid into its oil and sas 105 
components m the well known manner The 
srorated ofl then flows from the interior of 

then 

ttrough upstanduig connector pipe 121. 
^dtcr passmg through upstandh^ pipe 121 110 
(Rgures 10 and 11) die oil floSs through 
throu^bore 124, conduit 129 and tfaei^ 
^ug manrfold line 131 to manifold con- 
duit 64 (Figure 3). The oil flows from 
muimfold conduit 64 into connector conduit 115 

2^™. ^"^ector conduit 72 oil flows 
through pipe connector 88 of submcrdbte 
pump package 81 into the surge chamber 
W (figjrc 5) associated with that compon- 

Wien die oil in the surge chamber has 120 
reached a sufficient level, flic centrifugal 
pump 79 assodated witii die pump packaee 
will be actuated by any suitable expedient, 
sudh as through die use of fluid levdactu- 
ated switches. Actuation of die pump will 125 
P™P?a out of die padcage dirbugh pi^ 
connector 89 (Figure 3) anJ connector pibS 
76 and thence outwardly throuch trunk 
flowhne 150 as mdicatcd by the arrow 
associated with that trunk flowline. 130 
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Pipe 116 of sepraior unit 22a emerges 
from the body of the unit and provides a 
path for tlie gas that is separated from the 
production fluid purapecf into the unit. 
5 From pipe 116 the production gas Hows 
into upstanding connector pipe 122 (Figures 
4. 10 and 11) and thence mto tliroushbore 
123, conduit 128. and hito manifold Ime 
133. The gas then passes into manifold 
10 conduit 62 and directly out therefrom into 
connector pipe 65. From connector pmc 
65 die production gas flows outwardly 
through trunk fiowline 152 to the storage 

facility- , , f, oi 

15 The suige diamber of pump packase 81 
may servo as a second-stage separator m the 
event the mdividual separator units 22a— 
22j do not complrtely separate the produc- 
tion gas from tne produced oU of the pro- 

20 duction fluid In certam installations it may 
be desirable to construct the surge chamber 
large enough to serve as a gtoup separator 
for all wells. In these cases, individual well 
packages (22a— 22j) would not be equipped 

25 with scpamtion facilities, but would only 
contam necessary valves and controls to 
regulate and monitor each well. Any gas 
separated in the surge chamber will pass 
outwardly from that chamber through pipe 

30 cormector 87 and thence to manifold con- 
duit 63 through connector conduit 70. The 
gas win then be returned through manifold 
Hne 132 to the well along with the lift gas 
being sent to that well. Occasionally It 

35 may be desirable or necessary to bypass the 
pump package with the production oil. This 
may be done quite readily by actuatbig 
bypass valve 75 so that produced oil may 
flow directly from connector conduit 72 

40 dirough bjpass pipe 74 and valve 75 and 
thence directly outwardly through connector 
pipe 76 and trunk flowlnc 150. Again, it 
should be pointed out that althoui* the 
operation or the underwater producUon ap- 

45 paratus has been described with reference 
to only one separator unit, that the same 
operations pertain to all such units utilized 
in the apparaUis. 
It may readily be seen from the foregomg 

50 description that the underwater production 
apparatus according to the present mvention 
comprises a group of self-contained com- 
ponrats that can be installed or retrieved 
mdividuaDy. This feature is quite import- 

55 ant since the combined weight of all the 
components nUIized in the apparatus may 
preclude their combined removal from and/ 
or placement on the sea bed or ocean floor. 
Then too. removal of only one separator 

60 tmit from the apparatus has the effect of 
shuttmg down only the one well associated 
with that unit 

WHAT WE CLAIM IS:— 

1. Underwater production apparatus for 



handling and at least partially separating 65 
production fluid received from a plurality 
of underwater wclis, said apparatus com- 

^"a^se anchored on the sea bed or the 
ocean floor In the vicinity of a plurahty of 70 
underwater wells. • 

a primary base member removably posi- 
tioned on said base and supported ther^y. 

a plurality of wcli flowlines each having 
one end secured to said primary base 75 
member and adapted to have the other end 
secured to an underwater well. 

a secondary base member removably 
positioned on said primary base member. 

a conduit manifold earned by said sec- 80 
ondary base member, 

a trunk fiowline system secured to said 
primary base member and extending to a 
distant point. . 

disconneaible coupling means connecting 85 
said trunk flowline system to said condut 
manifold. . , 

a fluid separator in fluid conununicatlon 
with said well flowlines and said conduit 
manifold, and . ^ 

pumping equipment in fluid communica- 
tioa vnsh said conduit manifold and said 
trunk flowlhie system. 

2. Apparatus as dauned in claim 1 
wherein nid base comprises a pile member 95 
adapted to receive salcT primary base mem- 
ber and said secondary l»se member in con- 
centric arrangement thereon, said primary 
base member and said secondary base mem- 
ber having central openings of a size to 100 
pass said pile member therethrough. 

3. Apparatus as dauned in claim I ot 
claun ^ comprising firstly cooperating 
aligning means carried between said pile 
member and said primary base member. 105 
and secondly cooperating aligning means 
carried between sajd primary base member 
and said secondary base member. 

4. Apparatus as claimed in claim 2 or 
daun 3 comprising releasable connector 110 
means securing said primary base member 

to said pile member. 

5. Apparatus, as claimed ui claim 2. 3 
or 4. merehi said pile member has a bore 
theidn and wherein said pumpmg equip- 115 
ment comprises a closed elongated vessel of 

a size to fit within the bore of said pile 
member, a pump unit positioned within saki 
vessel with the intake of said pumping 
equipment in communication with the lower 120 
portion of said vessel, and a fluid Inlet 
conduit in commtmication between said 
vessel and said fluid separator. 

6. Apparatus as claimed in any one of 
claims 2 to 5 wherein said pile member of 125 
saki base extends Into the sea bed or ocean 
floor and is secured therein by means of 
cement. 

7. Apparatus as claimed in claim 6 
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wherdn said pile msnabes extends into the 
sea bed or ocean floor to a depth greater 
tban the water depth at that location and 
wherdn the elongated vessel is provided at 
its lower end with a guide pipe uiorter than 
^d^ile member and longer than the water 

8. A|^)aratU8 as chimed In any one of 
the preosdins claims oompiising a connec- 
tor removably securing said fluU separator 
to said primary tmse member and further 
disconnectihle coupling means connecting 
said fluid separator with said well flowlines 
and said conduit manifold. 

9. Apparatus as dafaned in any one of 
the preoedo^ daims wiierein said conduit 
manifold comprises a manifold line in com- 
munication between said fluid separator and 
the intake of said pumping equipment 

10. Apparatus as ^imed in any one of 
the pioccding ciaims wherein said fluid 
sq»rator comprises a plurality of individual 
snarator units remo\^^ secured to said 
primary base member, each sraarator unit 
being in communication with a ungle under- 
water wen through one or more of the well 
flowlines. 



11. Apparatus as daimed in any one of 
the preceding claiins comprising a control 
circmt system contained within a water- 30 
tight housing, a connector removably secur- 
ing said bousing 00 said primary Imse mem- 
ber, and cunent and s^nal transmitting 
cables extending from said control ciicun 
system to a distant power source and control 35 
point. 

12. Apparatus as daimed in any one of 
the preceding daims wherein said second- 
ary Dase member includes a manipulator 
sujMX)rt adapted to receive thereon an 40 
underwater manipulator for remotely carry- 
ing operations to the apparatus. 

13. An underwater production appar- 
atus for handling and at least partially sep- 
arating producuon fluid rccerved m>m a 45 
pluralitv of underwater weOs. substantially 

as herembefore described and with reference 
to the aoconqnnying drawings. 

ROY C ROGERS* 
Chartered Patent Agent 
Shell Centre. 
London* S£.l. 
Agent for the Applicants. 



torn which coptomaybe ohtaioS! "^^^ ''^^^ 



1283070 COMPLETE SPEaFlCATION 

c SMEPTS drawing Is a rtproductiM of 
9 anccia Ortf/nof on a retfucerf scofe 

Sheet 1 




no. s 



1283070 COMPLETE SPECIFICATION 

\ng It a n\ 
nal on a n 

Sheet 2 



c cuecTc drawing It a reproduction of 
d SHfefcl^ Original on a ro/uced xco/e 




.-la k 



1283070 COMPLETE SPEQFICATION 

ng It a ref 
nof on a n 

Sheet 3 



i; cuEm drawing It a reproduction of 
D dnccia Orlfliifll on o reduced scole 




Fia 4 



1283070 COMPLETE SPEaFICATION 

e SHEETS ^^v*^"! '* ' npnducUtn of 
9 ^riEEia ^ Original «a a nduaJ leale 

Sheet 4 




1283070 COMPLETE SPECIHCATION 

c eucm drawing U a rtproducUcn of 
9 >ni:tl5 Original on d retfifcetf jcate 

Sheet 5 




FIG 12 



